Glacial acetic acid as a protic acid was employed as a catalyst in a solvent free condition for facile preparation of di(indolyl)methanes (DIMs) via one-pot condensation of indole with aryl or heteroaryl aldehydes. Various aryl and heteroaryl aldehydes were efficiently converted to the corresponding di(indolyl)methanes (1a-p) in high yields. The described novel synthetic method proposes several advantages of safety, mild condition, short reaction times, high yields, simplicity and the inexpensively glacial acetic acid compared to other catalysts.
Introduction
Di(indolyl)methanes (DIMs) are molecules containing two indolyl moieties connected to the same carbon. Many advances in the strategy of DIMs synthesis were published as result of the variation of the catalyst. Other factors that prompted new research include the price of catalysts, yield of products, reaction rates, simplicity of the work up procedure, green chemistry, etc 1a . Di(indolyl)alkanes and their derivatives are found in bioactive metabolites of terrestrial and marine origin 1b . A recent patent describes the synthesis of DIMs forming complex compounds with radioactive metal ions (Gd 3+ ), which are found to be useful contrast agents for radio-imaging and visualization of various tissues and organs 2 . Recently, Maciejewska et al 3 used DNA-based electrochemical biosensors to demonstrate that bis(5-methoxyindol-3-yl)methane, considerably reduces the growth of the cancer cell lines such as HOP-92 (lung), A498 (renal) and MDAMB-231/1TCC (breast). Their results also indicated that BIMs could potentially be applied as chemotherapeutic agents against tumors 1, 3 . BIMs and tris(indolyl)methanes (TIMs), have been used as legands for the synthesis of many complex molecules and different properties of these complex molecules have been investigated [4] [5] [6] [7] [8] [9] . The electron rich indole nucleus shows an enhanced reactivity towards carbon electrophiles that generally results in the formation of three substituted indole derivatives 10 . The 3-position of the indole is the preferred site for the electrophilic substitution reactions. 3-Alkyl or 3-acyl indoles are versatile intermediates for the synthesis of a wide range of indole derivatives 11 . A simple and direct method for the synthesis of 3-alkylated indoles involves the condensation with aliphatic or aromatic aldehydes.
Normally these reactions occur in presence of several types of catalysts for example protic or Lewis acids or ionic liquids . As seen from these reported literature numerous catalysts can promote the reaction of aldehydes or ketones and indoles to afford 3-alkylated indole compounds in good to high yields in a reasonable time.
Result and Discussion
In the present work we wish to introduce AcOH as a mild and efficient catalyst for the promotion of the condensation reaction of indoles with aromatic aldehydes. In this paper we estimate the yield of BIMs via using glacial acetic acid in a solvent free condition with indoles and aromatic aldehydes. Some of these BIMs have been reported by using different types of catalysts as shown above. It has been found that, glacial acetic acid acts as a protic acid without solvent to catalyze the reaction of indoles (two equivalent moles) and aryl or heteroaryl aldehydes (one equivalent mole). Acetic acid has only been reported as a catalyst in the preparation of BIMs derived from 4-cyanoindole and formaldehyde solution. The reaction was done by using drops of acetic acid and finished after about 60 h 23, 24 . In our present work via glacial acetic acid as a solvent (5 ml) the corresponding BIMs were given in high yields (73 -98%) and after few hours (4 -6 h) of stirring at room temperature. In comparison to the reported methods, glacial acetic acid under a solvent free condition was found to be an efficient catalyst in terms of handling, temperature, yields and reaction times, (Scheme 1 and Table 1 ). A series of substituted aryl or heteroaryl aldehydes were efficiently converted to the corresponding BIMs 1a-p, as shown in Table 1 , which give the reaction times and the formed yields. Concerning the substituent on the carbonyl compounds, we can summarize that the presence of either electron donating group (such as dimethylamino, methoxy, benzyloxy or hydroxy) or electron with-drawing group (e.g. nitro, chloro, bromo or trifluoro) has not noticeable effect on the reaction time or the percent of the yield. So we can conclude that glacial acetic acid promotes the electrophilic substitution reaction of indoles with aromatic aldehydes whatever the substituent on the aromatic aldehyde and this makes it different from all the catalysts used in these reactions. In addition the substituent on the indole phenyl ring (5-chloro and 6-chloro indole) plays a role in the reaction which partially enhances the product formation as indicated by the same reaction time and higher yield (entry 15 and 16). BIMs 1a-f, and 1l-n are known and their identities were proven by means of MS, NMR, and IR spectra, and the other BIMs (1g-k, 1o-p), are novel and could not be found in the literature. Scheme 1. Synthesis of BIMs.
Conclusion
Glacial acetic acid was used as a catalyst and solvent for a facile synthesis of di(indolyl)methanes (DIMs) with high yields via one-pot condensation of indole with aryl or heteroaryl aldehydes. The described novel synthesis method proposes several advantages of safety, mild condition, short reaction times, high yields, simplicity and the inexpensively glacial acetic acid compared to other catalysts.
Experimental

Materials and Methods
The melting points were measured on a Boetius-Mikroheiztisch the company "VEB weighing. Rapido Radebeul / VEB NAGEMA "measured and are uncorrected. TLC for the analyzes were with aluminium foil fluorescent indicator from Merck KGaA (silica gel 60 F254, layer thickness 0.2 mm). R f -values (run level relative to the solvent front). The separations were with column chromatography at atmospheric pressure on silica gel 60 (Grain size from 0.063 to 0.200 mm) from Merck KGaA. NMR spectra were recorded on a "Gemini 2000" (400/100 MHz). The ATR spectra were recorded on a FT-IR spectrometer "IFS 28" by "Bruker. The ESI mass spectra were recorded on a "Finnigan LCQ Classic". The EI mass spectra were recorded on an "Intel 402".
4.2.
General procedure for the preparation of compounds 1a-p : In a flask containing 5 ml of glacial acetic acid and 2 mmol of indole (0.234 gm) or 5-chloroindole 0.303 gm or 6-chloroindole 0.303 gm was added under stirring until all the indole was dissolved. Then 1 mmol of the appropriate aromatic or heterocyclic aldehyde was added under vigorous stirring. The reaction mixture was allowed to stir over 4 to 6 h, where the reaction solution turned from light yellow to light pink to dark red colour. The product was detected by TLC (100 % CH 2 Cl 2 ), and when the reaction was finished 10 ml of water were added and the solution was extracted with ethyl acetate, washed with water and 100 ml brine, dried over anhydrous sodium sulphate and concentrated in vacuum. The product was purified by passing over a column and eluted with dichloromethane. (1H-indol-3-yl) 
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